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Blazars

sAGN

eHighly variable at all frequencies
eHighly polarized

eRadio core dominance
eSuperluminal speeds

Observed at a small angle to the jet and
therefore rare AGN : 5-8% of all AGN
(but only at optical or X-ray frequencies!)

Blazars are the dominant population of
extragalactic point sources at

e Gamma-ray
e TeV
e Microwave frequencies



Two types of Blazars:
BL Lacs: no strong lines; no strong cosmological evolution
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The overall Spectral Energy Distribution (SED)
of a typical Blazar: 3C 279
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BeppoSAX Blazars
Observations Statistics

116 pointings of 60 BL Lacs for a total exposure of ~3.5Ms
83 pointings of 49 Radio Loud QSOs, exposure of~3.3Ms

About 15% of the full BeppoSAX scientific program.
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BeppoSAX spectral fits
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Fig. 4. Spectral ener distributiors of a typical LBL ohject (PG 14184546,
Upeak = 04 eV = 8 x 10%Hz) for which the X-ray emission is dominated by the Hat in-
verse Clompton radiation and of an Intermediate BL Lac (ON 231, vpeae =2 1 eV = 2x 10" Hz)
where the simultaneous optical and BeppoSAX observations (Tagliafersi et al. 2000) clearly
show that the transition between the synchrotron and inverse Clompton emision oecurs in the
soft X-ray band.
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Fig. 5. Spectral energy di-al..rit:-ut.lum of HBLs where the X-ray emission is completely dominated
by synchrotron radiation. In the case of PKS 2155304 v, is at = 50 eV 2 x10™ Hz while
for the extreme HBL 1H 14304423 ppear is above 10 keV.



BeppoSAX NFI data: BL Lacertae
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Radio Microwave  Optjcal X-Ray v-Ray TeV

L \ /// »4/

== []

- LEL

e
T

Lag vf(r) (erq cm_23_1)
—-12

_H\




UHBLs as counterparts of EGRET
high Iblll unidentified sources?

IRXS J 123511.1-14033
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UHBLs as counterparts of EGRET
high Iblll unidentified sources?

Well, may be not...
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UHBLs as counterparts of EGRET
high Iblll unidentified sources?

But a few days later...
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Log vf(v) (erq em s 1)
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A detailed analysis of all BeppoSAX observationd of MKN 421
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MKN421 in a bright state:
the BeppoSAX observation of May 2000
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BeppoSAX spectral fits : main results

In HBL Objects, where the synchrotron component
dominates the -ray spectrum, the logarithmic parabola
model describes the data significanly better than other
models

This is interpreted as evidence of intrinsic curvature
in the particle sepctrum rather then cooling.

Such a curvature can be obtained in simple statistical
acceleration processes where the probability for a
particle to increase its energy is a decreasing function
of energy itself.
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WMAP bright foreground
source catalog

208 bright sources, of which

WMAP CMB fluctuation map

140 FSRQs

23 BL Lacs

13 Radio galaxies

o5 Steep Spectrum QSOs
o2 starburst galaxies

o2 planetary nebule

17 unidentified
RIS T i S , 6 without radio counterpart
WMAPNASA — . :‘ "T" -‘_- '_ " : :-‘:-f. -f = (prObany Spurious)

The vast majority of bright WMAP
foreground sources are Blazars
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Radio Galaxy PKS 0518-45
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Fiocchi, Grandi et al. in preparation




Boomerang 90 GHz CMB MAP
De Bernardis et al. 2000
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Blazar Surveys
“Classical Approach”

BL Lacs

== | Jy, radio flux limited, SGHz (34 objects)
== EMSS, X-ray flux limited (41 objects)
== [PC Slew Survey, X-ray (51)

Flat spectrum Radio Quasars

-2 Jy, radio flux limited, 2.7 GHz (52 objects)



Blazar Surveys
Recent multi-frequency BL Lac samples

@DXRBS Deep X-ray Radio Blazar Survey
Radio (BG6, PMN) f ., > 50 mJy, X-ray (ROSAT WGACAT) f,
44 objects ~ 95% identified
B RGB RASS-Green Bank
Radio (GB6), f,;, > 20 mJy, X-ray ROSAT All Sky Survey f(o. 124keV) >~ 3%10°13 cgs
Optical my; < 18 ~94% identified
33 objects in complete sample, 127 total
B REX Radio Emitting X-ray survey
X-ray (ROSAT PSPC serendipitous sources) f(
Radio (NVSS) f, ., >5 mly
72 objects , 30% identified,
sub-sample of 55 objects (f(

~N%x10-14
0.1-24keV) = 2%107" cgs

~ k1014
0.1-24keV) = 3*107" cgs,

0124keyy > 41075 cgs) ~90% identified
B Sedentary multi-frequency survey (extreme HBL s only)
X-ray RASS (f |54 ey, >~ 107 cgs), radio NVSS (f
optical APM/COSMOS/GSC2
153 objects, 100% identified

L4GH, > 3.5 mly),



Blazar Surveys

Recent multi-frequency BL Lac samples
Continued..

B CLASS Cosmic Lens All Sky Survey
Radio (GB6,NVSS) f ..., >30 mJy, Optical R < 1.7.5, a.
47 objects ~ 70% identified
B FIRST Flat Spectrum sample
Radio (FIRST), f, ,, > 35 mlJy, GB6 f
40 < 0.5 87 sources ~84% identified
BRASS-ASDC 1]y sample
Radio (NVSS) f, , ., > 1000 mJy, X-ray RASS (f(
25 objects , 93% identified

<0.5

dio

1, > 20 mly, optical B < 19

% -14
0.1—2.4keV)>8 107 cgs),



W The ASDC catalog of known Blazars - Netscape |]E”ﬁ|]z|
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% The A30C catalog of known Blazars : (o : ; 7 —
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parameters The ASDC catalog of known Blazars

¥ Name ¥ Ra ¥
Dec

i (updated to September 2003)

e

(1250 objects) REsET [ 27

" > 2 RA (J2000.0) |Dec (J2000.0) Redshift = R
nAcy by OHFEE Damg | hh mm ss.d = || dd mm s5.d = | Z -] a classification
Subset selection mode: | = e
’7‘ & @ & 9 ‘ &t 9 & § HEI & B EE & @

] @! RYS JO0031-180 | 00 03 07.8 | 18 05 44,9 ‘ 0.054 | 132 | BL Lac
|@| 3EG 000442019 | 00 04 357 | +2019418 ‘ 0677 | 20,8 | BL Lac
lﬂ@! NRAD 5 | 00 06 13.8 | -0B 23 35.8 ‘ 0347 | 185 | unidentified
|@|H}<s 00063105 | 00 06 20.3 | +10 51 511 ‘ 0168 | 17.3 | BL Lac
lﬂ@! RY JO0O73+4711 | 00 07 53.9 | +47 12 06 8 ‘ 0.28 | 183 | BL Lac
|@| RWS JO00AS-233 | 00 08 35.3 | 23 39 26.9 ‘ 0147 | 17.3 | BL Lac
@! WGAJOOI05-3 | 0010338 | -30 27 14.0 ‘ 113 | 131|630 radio loud
|@| 237 J001037-29 | 0010 374 | 29 04 029 ‘ 0 | 19.9 | BL Lac
@! WGAJDOI0T-3 | 0010432 | _36 43 27.8 ‘ 2.08 | 182 Q30 radio loud
|@| WGAIOOT1.2-3 | 0011 13.8 | _36 20 35 1 ‘ 2324 | 216 i@so radio loud
@! MCG 00.01 036 | 0011 396 | -0n 28 271 ‘ 0.053 | 156 | BL Lac
|@| WGAIOD12 51 | 00 12 336 | 16 26 59.8 ‘ 0.151 | 147 i@so radio loud
@! 1R¥SJ001 356 | 00 13 564 | 18 54 DR .5 ‘ 0.095 | 16,8 | BL Lac
|@| R¥S JO0141-502 | 0014 10.9 | 5022 35.0 ‘ 0 | 185 | BL Lac
@! MS O0117+0837 | 0014137 | +08 54 039 ‘ 0162 | 175 | BL Lac
|@| WGAIO014 5-3 | 00 14 4.0 | _30 59 211 ‘ 2 785 | 19.3 i@so radio loud




The broad-band color-color plane
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The ASDC Blazar candidate sample

Cross-correlation between A, x<250.,and
NVSS and RASS radio and X-ray surveys. < 0.8 arcmin
Optical magnitudes from GSC2 O, and O, within

(assuming Jmag < 19.5 when no counterpart is found in GSC2) Blazar area

2 I Over 7400 objects (500

| : of which are included in
S the catalog of known
Al b Blazars).

A subsample of about
450 objects for which
Sloan survey data are
available is being used to
estimate the quality of
the sample







